Switching kinetics has been compared in congruent ͑CLT͒ and stoichiometric ͑SLT͒ lithium tantalate by simultaneous recording of instantaneous domain patterns and switching current. A mechanism of fast domain kinetics in CLT driven by domain merging was revealed. The important information about the domain kinetics has been obtained by the statistical analysis of current noise in SLT. A model of jerky domain wall motion is proposed.
Recently new engineerable periodically poled nonlinear optical materials have been widely used for coherent light sources based on quasiphase matching. 1, 2 Lithium tantalate, LiTaO 3 , is the most important one due to large electrooptical and nonlinear optical coefficients. The application of an electric field through lithographically defined electrodes for domain patterning allows device production for wide usage. 3, 4 It was demonstrated that the photorefraction decreases, domain shape changes, and coercive field drops drastically in stoichiometric ͑Li-rich͒ LiTaO 3 ͑SLT͒ as compared to congruent LiTaO 3 ͑CLT͒. 5 It was shown recently that domain kinetics can be in situ observed in CLT by optical microscope. 6 We report the combined experimental study of domain kinetics and switching current in both CLT and SLT.
Switching current measurements were performed in commercial single crystalline CLT ͑Crystal Technology, CA͒ and near-stoichiometric LT grown by double crucible Czochralski technique. 7 We used 0.2-mm-thick CLT and 0.9-mm-thick SLT single-domain plates cut perpendicular to the polar axis with typical area 6ϫ5 mm 2 . Liquid electrolyte ͑LiCl water solution͒ 1-mm-diameter electrodes were used. SLT samples were switched also using sputtered In 2 O 3 :Sn ͑ITO͒ 2.5-mm-diameter transparent electrodes. Switching experiments were performed in rectangular field pulses at room temperature. Domain evolution in the whole switching area was in situ visualized by a polarizing microscope in the transmitted mode and TV recorded ͑25 fps͒ with subsequent image processing. The switching current was measured simultaneously. Thus, a unique possibility to establish the correspondence between switching current and domain kinetics was realized.
Switching from the single-domain state in CLT starts with the appearance of a great number of small domains with a density up to 1000 mm Ϫ2 ͓Fig. 1͑a͔͒. Two domain growth mechanisms were distinguished: slow growth of isolated domains ͑wall motion velocity v s ͒ and anisotropic wall motion after domain merging ͓Figs. 1͑b͒ and 1͑c͔͒. Fast wall motion velocity v f in three Y ϩ directions is a result of step generation by merging the moving wall with small isolated domains and the step growth along the wall ͑Fig. Each merging and rapid step growth generates an elementary current pulse. Initial high density of isolated domains leads to a great number of fast events, which are going on simultaneously. Thus, the switching current integrating the elementary pulses over the whole electroded area, looks like a single smooth current pulse with a noise component ͓Fig. 3͑a͔͒.
Image processing allows us to obtain time dependence of the ''optical current'' proportional to an increase in the switched area ⌬S(t) between consecutive domain patterns ͓Fig. 3͑b͔͒. The optical current obtained for the whole switching area is similar to the conventional one ͑Fig. 3͒. The optical current can be obtained for any chosen part of the switching area providing the unique possibility to compare the current shape peculiarities and the specific domain reconstruction.
Detailed analysis of instantaneous patterns allows us to distinguish three mechanisms of domain evolution used for the adequate mathematical description of current shape. Switching current was fitted by the formula consisting of two inputs
The first input corresponds to the arising and merging of initial small domains. The process is completed by the formation of isolated domains with wide size variety ͓Fig. The second input consists of two stages fitted by a modified Kolmogorov-Avrami formula 8 with geometrical trans-
where k 1 ,k 2 -area fractions, t o1 ,t o2 -time constants, and t cat -catastrophe time.
It is clearly seen that the first stage ͓Fig. 1͑b͔͒ corresponds to ␣͑2D͒ domain growth and the second one ␤͑1D͒ to coalescence through the annihilation of domain walls ͓Fig. 1͑c͔͒.
This approach can be applied to extracting the information about domain kinetics from conventional current data without direct optical observations. Irregular jump-like domain structure reconstruction leads to current noise ͑Barkhausen pulses͒. A noise component was obtained by the subtraction of a fitting curve from the current data ͑Fig. 3͒. Elementary domain events generating current pulses were revealed by analysis of instantaneous domain patterns.
We made a computer simulation of the switching process in CLT using the following scheme: ͑1͒ nucleation of randomly distributed nuclei with given density, ͑2͒ step generation by domain merging, and ͑3͒ domain growth by step motion along the wall ͓Fig. 4͑a͔͒. The simulated domain patterns are similar to experimental ones ͑Fig. 2͒, thus confirming the proposed mechanism of domain evolution. Moreover, the simulated switching current was successfully fitted by Eq. ͑1͒ ͓Fig. 4͑b͔͒. The detailed discussion of simulation results will be published elsewhere. Domain kinetics during switching and spontaneous backswitching after field ''switch off'' 4,9,10 was investigated in SLT. We have found that the domain shapes in CLT and SLT differs qualitatively. The hexagonal prismatic-shape domains ͑such as in lithium niobate with liquid electrodes͒ are obtained in SLT in contrast with triangular ones in CLT. After field ''switch on,'' a few of hexagonal domains nucleate at the electrode edge ͓Fig. 5͑a͔͒ and a jerky motion of strictly oriented domain walls defines the domain kinetics ͑Fig. 5͒. The walls stop, then jump to a new position after some rest time, and then stop again. As a result, the switching current consists of a set of individual short current pulses ͑Fig. 6͒ corresponding to wall jumps. The average time interval between pulses ͑rest time͒ decreases with an increase of the applied field ͓Figs. 6͑a͒ and 6͑b͔͒. Domain evolution in SLT does not depend on the electrode type ͓Figs. 6͑a͒ and 6͑c͔͒ contrary to CLT. 11, 12 The typical fast Fourier transform ͑FFT͒ spectrum of switching currents is plotted in Fig. 6͑d͒ . Continuous spectrum without distinguished harmonics is observed. The fitting by power law allows us to find the exponent value about 0.1.
Statistical treatment of the current data using the modified Korcak method 13 allows us to separate the cumulative distribution functions for current pulse width ͓Fig. 7͑a͔͒ and rest time ͓Fig. 7͑b͔͒. The first follows the power law both for switching and backswitching. The exponents are equal to 2.8 and 2.0, correspondingly. Such a scaling behavior is typical for self-similar phenomenon.
14 For the rest time, the selfsimilar behavior ͑power law͒ occurs only in the finite time range. Therefore, we fit the experimental data by the formula with an exponential cutoff 15 N͑␦t ͒ϭB␦t Ϫ␣ exp͑Ϫ␦t/ ͒, ͑4͒ where ␦t-time interval, ␣-scaling exponent, and -fractal correlation time. The best fit values: ␣ϭ0.33 and ϭ5 ms.
R/S analysis 14 of the current data gives the value of Hurst exponent Hϭ0.70Ϯ0.05 ͓Fig. 8͑a͔͒, which is a clear evidence of persistent process with long-time correlation. It is known that persistent stochastic processes exhibit rather clear trends with relatively little noise contrary to Brownian ones. 14 The distribution function of the amplitudes of current pulses demonstrates the power law with exponent value 2.3 through many orders of magnitude ͓Fig. 8͑b͔͒.
For an explanation of the observed results, we have proposed a mechanism of the jerky wall motion. It is known 16, 17 that the plane domain wall motion slows with the shift from the initial position. This effect is due to a reduction of the local field at the wall by a residual depolarization field E rd produced by bound charges in the newly switched area behind the moving domain wall and compensated partially by fast external screening. 18 For switching in applied fields just above threshold, the wall stops after some shift. It is clear that the defects locally increase the threshold field playing the role of pinning centers. So the pinning strength and the distances between pinning centers define the power law distribution functions of pulse width and amplitude with close values of exponents. Similar power law has been observed during the analysis of the Barkhausen pulses for wall motion in ferromagnetics. 19 The local field must overcome the local threshold value for wall restarting. It can be achieved by the bulk screening of the residual depolarization field E rd by competition of three mechanisms: ͑1͒ redistribution of bulk charges, 18, 20 ͑2͒ dipole defects reorientation, 21, 22 and ͑3͒ charge injection from the electrodes through a dielectric gap. 23 Estimation shows that the rest time for a single domain wall should be of the order of magnitude lower than the bulk screening time constant. Moreover the measured rest time must decrease due to the motion of several domain walls. Such a conclusion is confirmed by the obtained ratio of fractal correlation time ͑5 ms͒ and time constant of bulk screening in SLT ͑40 ms͒.
In conclusion, the investigation of switching kinetics by comparison of instantaneous domain patterns with switching current allows us to reveal the mechanism of fast domain kinetics in CLT driven by domain merging. It was shown that the important information about the domain kinetics could be obtained by the statistical analysis of current noise in SLT. The proposed model of jerky domain wall motion is applicable to switching in lithium niobate also. 
